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Abstract—This paper is conducted in order to 

determine the water influx in the Volve oil field situated 

in the Southern Viking Graben in the North Sea in 

block 15/9, approximately 200 kilometres west of 

Stavanger at the southern end of the Norwegian sector. 

Material balance (MB) equation is used as principal 

method in order to achieve the objectives of this work, 

predicting reservoir future performance over a stated 

period of five years is considered as the second part of 

the work. A variety of data particularly pressure, 

volume and temperature data, production and reservoir 

data are entered in the MBAL software and computed 

in Excel software using material balance equation. The 

result showed that the reservoir had a water influx of 

67,678 Sm
3
 before injection requiring the use of 

secondary recovery method, water injection at the early 

stage of production. Subsequently, cumulative oil 

production predicted a total amount of 10.77 MMSm
3
 

over a period of five years. This therefore implies that 

thanks to the model obtained which is the pot model 

production prediction can be made for any date in the 

future.  

 
Key Words—Volve oil field, material balance, water 

influx, reservoir performance, pot model. 

I. INTRODUCTION 

ormation of any hydrocarbon reservoir requires 

aquifers, porous rocks, which basically let the oil or gas 

flow through them and get accumulated in a porous and 

permeable layer bounded by an impermeable soil [1-3]. 

These aquifers may be substantially larger than the oil or 
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gas reservoir they adjoin as to appear infinite in size, and/or 

they may be as small in size as to be negligible in their 

effect on reservoir performance [4-6]. To determine the 

effect that an aquifer has on oil and gas production, it is 

important to estimate the amount of water that has entered 

into the reservoir from the aquifer [7-10]. So, this tendency 

of water to encroach into the reservoir is what is referred as 

water influx that is water that enters the reservoir and it is 

responsible for primary recovery of hydrocarbons. Its 

sources are the aquifer beneath the reservoir, surface water 

from outcrops and water injection from the surface to 

supplement a weak aquifer.   

Therefore, estimation of water influx volumes into the 

reservoir is significant in number of applications 

calibrations, production scheduling and setting up 

development strategies to optimize hydrocarbon recovery 

[7]. However, characterization and estimation of water 

influx is a tedious task. One of the main reasons is the cost 

of drilling wells into the aquifer to gain necessary 

information is often not justified [11-16]. A problem then 

arises of knowing whether or not the quantity of water 

influx influences the behaviour of oil reservoir in the future 

and to attempt to solve it, an assumption is proposed that is, 

it provides a low degree of pressure maintenance leading to 

early use of secondary recovery methods. The aim of this 

work is to quantify the volume of water influx and its role 

after pressure drop in the reservoir.  

It is also intended to predict reservoir behaviour, both 

using MB method.  

The objectives of this study are:   

• Determination of drive mechanism, identification 

of suitable water influx model and unknown 

parameter calculations,   

• Calculation of water influx using influx model,  

• Predict oil production over a period of five years.  

Hence to have a better understanding of this paper, it is 

sectioned into three sections. The first section presents the 

introduction. The second section presents the data and 

highlights the results obtained followed by a discussion. 

The third section deals with the conclusion.   
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II. MATERIAL, RESULTS AND DISCUSSIONS  

The PVT, production and reservoir data used to estimate 

water influx into a reservoir and predicting its performance 

are presented in the Tables 1 to 3.  

 
 

 
 

 

To achieve the aims of this paper, two softwares are 

used: MBAL and EXCEL. 

III. RESULTS   

The results obtained during the analysis of data of Tables 1 

to 3 are presented in this subsection. To obtain a proper 

modelling of water influx into a reservoir and 

understanding its influence on oil production four steps 

must be followed; identification of the drive mechanism, 

selection of water influx model, water influx modelling and 

oil production prediction. 

 

i. Determination of reservoir drive mechanism  

Figure 1 is a graph of parameters F, Eo and Ef, w which are 

underground withdrawal, expansion of oil and its originally 

dissolved gas, expansion of the initial water and the 

reduction in the pore volume respectively against time.   

 
Fig. 1. Drive mechanism field (a) aquifer detection and (b) energy plot. 

Figure 1 determines in which category the concerned 

reservoir can be classified giving thereby information on its 

drive mechanism. It shows the reservoir can be classified as 

a volumetric reservoir that is depletion-drive reservoir 

whose energy derives solely from rock and fluid expansion. 

The energy plot in Figure 1(b) confirms that reservoir 

energy is gotten from fluid expansion (presented in blue) 

and also accounts for the presence of water influx as source 

of energy. 

 

ii. Model, parameter determination and water influx 

modelling  

From analysis, it comes out that the appropriate water influx 

model to be used for this case is the pot aquifer model. 

Therefore, a plot of the term (F/Eo) against (∆p/Eo) is 

shown in Figure 2 yields a straight line with an intercept of 

N and slope of K.  
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Fig. 2. Determination of K from the pot aquifer model. 

 

According to the equation        one gets the value 

of water influx in the reservoir before and after water 

injection presented in Figure 3 with an initial volume in the 

aquifer found to be 3.0 MMSm
3
. 

Fig. 3.  Water influx computed from the model equation. 

 

iii. Prediction of reservoir behaviour  

Oil production commenced on 12/02/2008 and stopped on 

the 17/09/2016. The simulation was carried out and 

prediction of the performance of the reservoir from 

17/09/2021. A total amount of 10.77 MMSm3 of oil was 

registered by September 2025 which is shown in Figure 4 

and an increase inrecovery factor (RF) from about 0.009 % 

before injection to 45 % after injection and subsequently to 

50 % by the end of prediction was also registered. 
 

 Fig. 4. Cumulative oil production prediction. 

IV. DISCUSSIONS  

Energy supply to the reservoir was mainly by rock and fluid 

expansion assisted by a certain volume of water influx. 

However, the quantity be it great or weak influence 

reservoir performance, in the case of the Volve field where 

the water influx is considered low, it greatly influences 

reservoir pressure thus affecting production prediction. It 

was then judicious to choose the pot model aquifer as it 

applies to small aquifers and is based on the principle of 

compressibility whereby a pressure drops in the reservoir 

caused by production causes water expansion in the aquifer 

there by pushing and entering the reservoir. If this pushing 

up is not sufficient enough as in this case there will be need 

for a supplementary energy supply resulting in the use of 

secondary recovery.  Regarding the encountered problem an 

assumption was made that the quantity of water entering the 

reservoir provided less pressure maintenance leading to the 

use of secondary recovery techniques at the early life of the 

reservoir which appears to be totally true as it provided far 

more energy leading to an overall cumulative production of 

10.77 MMSm
3
 after prediction.    

Oloro and Ukrakpor [17] worked on the determination of 

water influx in the Niger delta proposed that in order to 

determine the total water influx into a reservoir at any given 

time, and found necessary to determine the water influx as a 

result of each successive pressure drop that has been 

imposed on the reservoir and aquifer. In calculating 

cumulative water influx, it is necessary to calculate the total 

water influx from the beginning. This is required because of 

the different times during which the various pressure drops 

have been effective. Which goes in line with the approach 

used in this study. On the same tract, BinMerdhah et al. 

[18] carried out a prediction of water influx using material 

balance Equation and Van Everdingen and Hurst unsteady 

equation and the results for the cumulative oil production 

and water influx prediction was greater for the model than 

for MB which bears but not at all points with the results 

obtained in the study.   

Since material balance method considers reservoir as a 

tank and being homogenous same as with the software it 

limits certainty in some results such as the pressure data. 

Which were computed first of all in Excel then in the 

MBAL software because they were not all available. From 

the work done by other scientist in different reservoir with 

different properties and in different locations, results go in 

line with those obtained in this paper confirming the 

universality of the method and its applicability to all 

reservoirs.  
 

V. CONCLUSION 

To sum up, the problem that arose was to know whether or 

not the quantity of water influx in the reservoir affected its 

future performance. With main method being Material 

Balance applied to a set of available data (pressure volume 

and temperature data, production and reservoir data). In 

order to bring out a solution to this problem a methodology 

was defined according to the main objectives, which 
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consisted firstly, in the identification of the drive 

mechanism to detect the presence and size of the aquifer so 

as to know which energy mainly drives the fluids. 

Secondly, the selection of an appropriate water influx 

model, water influx modelling and lastly oil production 

prediction. In view of these procedures, the result showed 

that the drive mechanism (fluid and rock expansion) has 

been confirmed by the energy plot. Water influx estimation 

gave 67,678 Sm3 showing its somehow low strength. 

Similarly, the results of oil production prediction are seen to 

be correctly confirmed by the overall increasing trend in 

production from 10.03 MMSm3 to 10.77 MMSm3 and in 

the recovery factor accompanied by a slight decrease in 

pressure. All of this combined information suggests that the 

Norwegian Volve field had a weak energy supply and low 

degree of pressure maintenance requiring an early 

assistance in its production lifespan. Using MBAL software 

permitted to obtain some data especially pressure which the 

software calculated through the simulation process thus 

limiting the certainty of the obtained values. 
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